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Abstract. Nowadays, in the EU a lot of project con-
cerning broadband access to the Internet for end users
is being developed. The aim of those projects is to
support the creation of access communication networks
that can meet defined performance criteria for provid-
ing the broadband services. Such networks are in gen-
eral called Next Generation Access. One of the first
tasks is to identify appropriate transmission technolo-
gies that could meet the required performance crite-
ria. For each transmission technology, it is necessary
to carry out a detailed performance analysis of the
transmission depending on certain transmission con-
ditions. To perform a detailed analysis means to carry
out modelling of transmission’s specific conditions for
each technology. This article, specifically, discusses hy-
brid optical networks, which in conjunction with digi-
tal subscriber lines are one of the possible solutions for
Next Generation Access. In the access network topology
that combines copper and optical cables, it is necessary
to optimize the mutual ratio of both infrastructures’
length. Therefore, the article also describes this issue
that refers to a certain technology for the Next Gen-
eration Access. Specific performance criteria of trans-
mission for access network in the Czech Republic are
considered and the optimized location of the external
node digital line access multiplexer is discussed.
Keywords
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1. Introduction
Technology development and public demands of In-
ternet services determinate Next Generation Networks
(NGN) solution. Existing access telecommunication
network are considered as today’s infrastructure bottle-
neck that significantly affects the performance of data
transmissions. Therefore currently ongoing develop-
ment projects aim at building a new type of access net-
work known as Next Generation Access (NGA). Defini-
tions of NGA networks are currently accepted by access
communication networks that are not purely optic fi-
bre based. Part of the communication infrastructure
can be implemented with the use of copper cables. In
result, it is possible to create the NGA networks us-
ing digital subscriber line xDSL or cable TV networks
CaTV, if defined performance criteria are met. In jus-
tified cases, it will be possible to use wireless connec-
tions.
1.1. Technologies and Parameters of
NGA in Czech Republic
In the Czech Republic (according to the „National plan
for the development of next generation networks” doc-
ument), NGA network is a network that meets the fol-
lowing two performance criteria:
• allows high-speed Internet access with down-
stream transmission rate of at least 30 Mbps. This
objective is intended for existing upgraded com-
munication infrastructures for broadband Internet
access. For improved networks there is an assump-
tion that optical elements will be used at least par-
tially,
• allows broadband/high-speed Internet access with
downstream transmission rate up to 100 Mbps.
This objective is intended for newly built fully
optical network infrastructure (FTTH or FTTB
concept).
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With regard to the penetration of transmission tech-
nologies, established performance criteria and geo-
graphic conditions in the Czech Republic, the transmis-
sion technologies have been identified and divided into
seven groups: xDSL, FTTH, FTTB, FTTCab, CaTV,
wireless WiFi, wireless FWA.
The individual groups are further differentiated ac-
cording to achievable efficiency of downstream trans-
mission rate:
• less than 30 Mbps,
• 30 Mbps or more, less than 100 Mbps,
• more than 100 Mbps.
For each transmission technology, it is necessary to
carry out a detailed performance analysis of the trans-
mission depending on certain transmission conditions.
To perform a detailed analysis means to carry out mod-
elling of transmission’s specific conditions for each tech-
nology that include cable topology and environmental
influence. The result of the analysis is a model config-
uration and necessary transmission conditions for the
nominal rate of 30 and 100 Mbps in downstream.
1.2. Hybrid Access Network with
Digital Subscriber Lines
For FTTCab topology, it is possible to use digital sub-
scriber lines (xDSL). Their broadband access market
share is around 30 % in the Czech Republic. It is there-
fore the most common transmission technology for ac-
cess networks in the country.
The version VDSL2 (Very High Speed Digital Sub-
scriber Line 2 [1]) is one of the latest standards of xDSL
broadband communications. It has been designed to
support wide deployment of triple play services, such
as voice, video, data, high definition television and in-
teractive gaming.
The VDSL2 (ITU-T G.993.2) could prospectively of-
fer transmission rate of tens of Mbps in both direc-
tions. However, the crosstalk and other disturbances in
metallic cables represent the main problem for achiev-
ing this transmission rate. While the influence of near-
end (NEXT) crosstalk can be partially limited by using
several different frequency bands for both directions
(FDD – Frequency Division Duplex; there are several
various frequency plans and scenarios for VDSL2 lines),
the influence of far-end crosstalk (FEXT) cannot be re-
duced so easily. Therefore FEXT represents the domi-
nant source of disturbance in current digital subscriber
lines. The elimination of FEXT crosstalk could be
possibly provided by the Vectored DMT modulation
(VDMT).
The VDMT modulation was designed especially for
FEXT crosstalk cancelation. Real use is intended
specifically for the VDSL2 lines (ITU-T G.993.5). The
VDMT is an extension of classical modulation with
multi carriers DMT (Discrete Multi-tone). Principle of
the VDMT modulation lays in idea to adjust transmit-
ted signal in such a way, that after it goes through the
subscriber line, where it is influenced by the crosstalk
disturbance and cable attenuation, it could be well de-
tected on reception side without problems.
The VDMT modulation significantly affects the
maximum transmission rate of the VDSL2 lines. The
increase of transmission rate can be also achieved with
a greater number of the parallel channel using inverse
multiplexing principles: two lines, two lines plus phan-
tom circuit. Implementation of the VDMT modulation
is essential, if the phantom circuits are considered [5].
2. Transmission Performance
of VDSL2 Modelling
In the metallic part of the hybrid access network the
transmission performance depends on the conditions
of the transmission environment. Transmission condi-
tions are determined by the parameters of transmis-
sion medium and the environment influence. The fre-
quency bands with a value up to 30 MHz for modelling
parameters of transmission medium typically use 13
parametric British Telecom model. When modelling
environment influence different sources of interference
are considered. It is mainly background noise, NEXT
crosstalk and FEXT crosstalk. Modelling procedures
can be found in many sources [3], [4], [6].
2.1. VDSL2 Technologies for NGA
Input parameters of simulation are comparable to tech-
nical parameters of the VDSL2 lines in the telecom-
munication network of the incumbent provider in the
Czech Republic – O2 Czech Republic a.s. [12]. There-
fore, for the simulation of the VDSL2 line with the
frequency profile 998ADE17 and mask of power spec-
tral density (PSD) „B8-12” was considered. The sim-
ulations were performed for a typical local quad cable
TCEPKPFLE 75×4×0.4 mm, according to O2 Czech
Republic a.s. specification.
The simulation No.1 was calculated for the standard
VDSL2 line according to recommendation [1]. The
tested line was under the influence of crosstalk distur-
bances from concurrent lines in the same cable. On the
surrounding twisted pairs 50 % of VDSL2 lines and an
additional 20 % of ADSL2+ lines were considered. In
accordance with the terms of real access network, a pa-
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Fig. 1: Modelled results for the VDSL2 transmission rate de-
pendence for NGA network.
rameter Additive White Gaussian Noise (AWGN) was
increased to NAWGN=−136 dBm·Hz−1.
For both directions of the transmission, results of
simulation No.1 are shown in Fig. 1 and Tab. 1. The
simulation No.2 was calculated for the VDSL2 line that
uses the VDMT modulation [2] for crosstalk cancela-
tion. The results for both directions of transmission are
shown again in Fig. 1. In Fig. 1 the typical length of
the metallic lines that meet the performance criteria for
30 Mbps and 100 Mbps downstream can be seen. Sim-
ulation parameters (AWGN, VDSL2 frequency band,
etc.) and VDSL2 line topology are the same for the
simulation No.1 and No.2.
Table 1 shows also the results for a number of dig-
ital subscriber lines (indicated in percentage), which
are currently placed within desired distance from the
last network element of the connection provider. The
last network element is usually a phone exchange with
DSLAM (Digital Subscriber Line Access Multiplexer)
network element. This topology is called FTTEx
(Fiber To The Exchange) and it is a present topol-
ogy of the access network, which nowadays uses only
symmetrical metallic pairs.
If other lines should meet the NGA performance cri-
teria, it is necessary to use optical fibres and access
network topology FTTCab (so-called external node
DSLAM).
2.2. External DSLAM Optimal
Location for NGA Modelling
More demanding NGA performance criteria are met
only by a small number of VDSL2 lines. That is why,
it is obvious that the access network topology has to use
FTTCab topology and VDSL2 lines have to use VDMT
modulation. Therefore, a new problem occurs; how to
define the location of the external node DSLAM. To
solve the problem of the optimal position, it is possible
to use data about the length of the subscriber local
loop published by O2 Czech Republic a.s. [12].
The model presented in [10] has been obtained as an
average from all types of locations in Czech Republic.
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Fig. 2: Model of the VDSL2 length transmission rate depen-
dence for downstream.
For a theoretical description of the number of digital
subscriber lines in dependence on their length l, it is
possible to create a statistical model of distribution,
which is defined by the cumulative distribution func-
tion (CDF):
F (l) = 1− p2 · e−p1l. (1)
Cumulative distribution function Eq. (1) corre-
sponds to Probability Distribution Functions (PDF):
f (l) = p1 · p2 · e−p1l. (2)
Values for parameters in both equations for the
Czech Republic access network are p1 = 0.7723 km−1
and p2 = 1.1484; l is the local loop length.
To search the position of external node DSLAM,
modelling of the VDSL2 line transmission performance
with VDMT modulation depending on the length of
subscriber local loop was carried out. The simula-
tion’s input parameters correspond to the parameters
of the real access network. The modelling was done
for VDSL2 frequency plan 998ADE17, mask B8-12,
metallic quad-star cable TCEPKPFLE 75×4×0.4 mm
from Prakab Prague Cable company and noise value
−140 dBm·Hz−1. During the modelling, it was as-
sumed that in the cable only transmission systems of
the same type (in the sense of spectral compatibility)
are present, so that full FEXT crosstalk cancelation
[7], [8], [9] could be simulated. Results are shown in
Fig. 2.
Particular curves in Fig. 2 show the decrease of
the transmission rate in dependence on the local loop
length. Another simulation parameter was also the
number of disturb VDSL2 lines in the surrounding
twisted pairs. The penetration of the number of
disturbing VDSL2 lines was from 5 % to 100 %.
The 100 % means that all twisted pairs are used for
VSDL2 technology, without any crosstalk cancelation.
Figure 2 shows a clear increase in transmission rate
when using full coordination with VDMT modulation.
The results for transmission rate of VDSL2 with the
VDMT modulation can be approximated by simple
exponential function in Mbps:
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Tab. 1: Options of VDSL2 line transmission performance.
Criterion 30 Mbps Criterion 100 Mbps
Length (m)
Number of
VDSL2
for FTTEx
(%)
Length (m)
Number of
VDSL2
for FTTEx
(%)
Simulation No.1
(without VDMT) 350 10
cannot be
realized
cannot be
realized
Simulation No.2
(with VDMT) 920 43 470 18
RDS (l) = p4 · e−p3l, (3)
where p3 = 1.0708 km−1 and p4 = 212.4 Mbps.
2.3. Optimization of External
DSLAM Position Result
If a modern provider wants to offer its services to as
many end users as possible, from Fig. 2 it is clear that
the metallic local loop length may be between 0.5 km
and 1 km at maximum. According to the data from
O2 Czech Republic a.s. only 47 % of users are in the
distance of 1 km. For access network providers it is nec-
essary to optimize the length of the FTTCab copper
and fibre infrastructure, which means to find a position
of external DSLAM. If the external DSLAM is closer to
the end user, the metallic local loop length will be de-
creased. It causes an increase of the xDSL transmission
performance. Change of the external DSLAM position
has also the disadvantages; it reduces the number of
the xDSL lines that can be connect to DSLAM. The
ratio of infrastructures length may be determined, for
example, in dependence on maximizing the total trans-
mission rate of all users in a particular segment of the
access network. If the criterion of the maximum total
transmission rate will be considered, it is possible to
calculate the suitable position of external DSLAM ac-
cording to the following Eq. (4). The results are shown
in Fig. 3:
~RDS (x) =
∫ x
lmin
RDS (l) f (l) ds+
+
∫ lmax
x
RDS (l − x) · f (l) dl,
(4)
where x is the position of the external DSLAM, l is the
length of a subscriber local loop, RDS (l) is the depen-
dence of transmission rate in downstream direction on
length, f (l) is the PDF for length of subscriber local
loops by Eq. (2), lmin is minimum length of a sub-
scriber local loop, lmax is maximum length of a sub-
scriber local loop.
The curve in Fig. 3 shows the position of the external
DSLAM and mean transmission rate of all users in the
downstream. The graph interpretation indicates that
the optimal location of external DSLAM (maximum of
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Fig. 3: The total VDSL2 downstream transmission rate on lo-
cation of external DSLAM dependence.
data rate) is about 0.8 km. Founded maximum is rela-
tively flat. This allows further optimization of the po-
sition with regards to other criteria, such as economic,
for example.
3. Conclusion
Next generation access is the important network seg-
ment for the telecommunication services solution. Cre-
ating fully optical networks FTTH and FTTB is still
hindered by high investment costs. Without using the
VDMT principles for FTTEx option, the performance
criteria are met by only 10 % of existing lines. There-
fore, building NGA networks with alternative topology
FTTCab is more than probable. In the Czech Repub-
lic, the VDSL2 lines are taken into consideration for
FTTCab topology, as their transmission performance
can meet NGA performance criteria.
More demanding of NGA performance criteria are
met by only a small number of VDSL2 lines. That is
why the access network topology has to use FTTCab
and the VDSL2 lines have to use the VDMT modu-
lation. For finding the optimal position of external
DSLAM a number of criteria can be used. One of them
is the mean transmission rate of all users in a particu-
lar segment of the access network. Suitable optimiza-
tion of the access network, therefore optimization of
the topology and network elements and effective use
of the VDSL2 potential with VDMT modulation will
help in the development of NGA networks.
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